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ackground & Aims: Normal and neoplastic cells re-
ease microvesicles, whose effects on the immune sys-
em still need to be elucidated. Because human colo-
ectal cancer cells are hypothesized to escape immune
ecognition by expressing proapoptotic molecules, we
nvestigated whether microvesicles bearing Fas ligand
nd tumor necrosis factor–related apoptosis-inducing

igand and inducing apoptosis of activated T cells are
ecreted by colorectal cancer cells both in vitro and in
ffected patients. Methods: Fas ligand and tumor necro-
is factor–related apoptosis-inducing ligand expression
ere analyzed in colorectal cancer cells and purified
icrovesicles by flow cytometry, Western blotting, and

mmunoelectron microscopy. Microvesicle tumor origin
as assessed through simultaneous detection of lyso-
omal (CD63) and adenocarcinoma (carcinoembryonic
ntigen) markers. Proapoptotic activity of microvesicles
as evaluated by annexin V/propidium iodide staining
nd caspase activation in T cells, including CD8� T

ymphocytes from colorectal cancer patients. Results:
olorectal cancer cells showed a granular pattern of
umor necrosis factor–related apoptosis-inducing ligand
nd Fas ligand expression, suggesting a secretory be-
avior. These proapoptotic molecules were detected on

solated microvesicles, together with class I HLA, CD63,
nd carcinoembryonic antigen. Microvesicles induced
as ligand–mediated and tumor necrosis factor–related
poptosis-inducing ligand–mediated apoptosis of acti-
ated CD8� T cells generated from colorectal cancer
atients. Microvesicles with comparable phenotypes
nd functions were found in plasma from patients with
dvanced disease, whereas vesicular structures express-

ng Fas ligand and tumor necrosis factor–related apop-
osis-inducing ligand were also detected in colorectal
ancer specimens. Conclusions: These data show that
olorectal cancer induces T-cell apoptosis through the
elease of Fas ligand–bearing and tumor necrosis fac-
or–related apoptosis-inducing ligand–bearing mi-

rovesicles both in vitro and in vivo. This mechanism of
mmune escape has potential implications as a prog-
ostic factor and could be targeted for the development
f new antitumor therapies in colorectal cancer patients.

ntestinal epithelial cells1 have been shown to release
exosome-like microvesicles (MVs). The mechanism

hrough which cells undergo MV secretion is not entirely
nown, although evidence has been provided that, at
east in normal cells (eg, dendritic cells), MVs derive
rom the fusion of endosomal multivesicular bodies with
he cell surface.2 However, it has been postulated that the
ormation and secretion of MVs may differ between cells,
epending on histotype and transformation.2,3 MVs are
elieved to play a role in various cellular functions that
ainly involve intercellular communication and immune
odulation.2,3 It is interesting to note that vesicular

tructures released by intestinal epithelial cells or imma-
ure dendritic cells have been shown to mediate the
nduction of peripheral immune tolerance to orally ad-
inistered antigens or to allografts in mice through

ctivating regulatory T cells4 or triggering suppressive
athways by dendritic cells.5,6

Tumors originating from the intestinal epithelium,
uch as colorectal cancer (CRC), are deemed to evade
mmune recognition and function as immune-privileged
ites through several mechanisms, including the expres-
ion of proapoptotic molecules belonging to the tumor
ecrosis factor (TNF) family, such as Fas ligand (FasL)

Abbreviations used in this paper: CEA, carcinoembryonic antigen;
RC, colorectal cancer; FasL, Fas ligand; IEM, immunoelectron micros-
opy; mAb, monoclonal antibody; MV, microvesicle; PE, phycoerythrin;
NF, tumor necrosis factor; TRAIL, tumor necrosis factor–related
poptosis-inducing ligand; TRAIL-R, TRAIL receptor.
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nd possibly TNF-related apoptosis-inducing ligand
TRAIL).7–9 FasL, a type II transmembrane protein that
nitiates apoptotic cascade in target cells upon binding to
as receptor, was originally described in immune cells,10

lthough its expression can be acquired by neoplastic
issues, together with the potential ability to induce
poptosis in activated Fas� T cells.11 At the same time,
umor cells should be safe from their own weapon,
hanks to their resistance to Fas-induced death.12 Other
roapoptotic molecules of the TNF family, such as
RAIL, seem to be expressed in tumor cells.13 TRAIL,
hich is expressed by different immune cells and plays a

ole in T cell–mediated and natural killer cell–mediated
umor surveillance,14 initiates apoptosis through the en-
agement of its death receptors TRAIL receptor (TRAIL-
)1 and -R2 and is believed to selectively induce the
eath of tumor cells.15 However, its expression in tumor
ells suggests a potential involvement in tumor immune
scape as well.16

In this article, we report for the first time that CRC
ells exploit MV release for delivering FasL- and TRAIL-
ediated apoptotic signals to antitumor T cells. This

henomenon, detectable in vitro in CRC cell lines as well
s in the blood and tumor specimens of advanced CRC
atients, may have crucial implications in the mainte-
ance of immune tolerance to CRC.

Materials and Methods

Colorectal Cancer Lines, Colorectal Cancer
Patients, and Purification of Released
Microvesicles

The CRC line SW403 was purchased from the Amer-
can Type Culture Collection (Manassas, VA), and 1869 col
provided by Dr C. Maccalli, Istituto Superiore di Sanità,
ome, Italy)17 and CRC28462 were short-term lines generated

rom liver metastases of CRC patients. All the lines stained
ositively for pan-epithelial (BerEP4), cytokeratin (CD18,
P34, and MNF116), and class I HLA markers and were
egative for the fibroblast marker 5B5. These lines formed
olonies in soft agar, were tumorigenic in severe combined
mmunodeficiency disease mice, and were found to bear ad-
nomatous polyposis coli and/or Ras mutations (P. Dalerba and
. Parmiani, unpublished data, 2004). The lines were negative

or mycoplasma contamination, as routinely tested by modified
ested polymerase chain reaction.18 MVs from cell superna-
ants were purified by serial centrifugations.19 MV production
y CRC lines seemed to be constitutive, because equal num-
ers of cells release comparable amounts of vesicles when
aintained under similar culture conditions (data not shown).
Vs were separated from blood samples19 (15 mL) of 10 CRC

atients (Dukes stage C and D) before surgery and from
ealthy donors upon written informed consent and approval by

he Istituto Nazionale Tumori of Milan. w
Antibodies and Flow Cytometry

The following monoclonal antibodies (mAbs) were
sed: FasL (NOK-1); TRAIL (RIK-2); CD63 (H5C6), either
ure or phycoerythrin (PE) conjugated (BD Pharmingen, San
iego, CA); carcinoembryonic antigen (CEA) (Col-1; Abcam
td, Cambridge, UK); class I HLA (W6.32 hybridoma);
RAIL-R1 to -R4 (Apotech Corporation, Epalinges, Switzer-

and); and isotype-matched immunoglobulin G (BD Pharm-
ngen). Purified MVs were bound to latex beads (LB30; Sigma-
ldrich, Milan, Italy) and incubated either with PE-mAbs

FasL, TRAIL, and CD63) or, for indirect staining, with
rimary mAbs (CEA and class I HLA), followed by biotinyl-
ted anti-mouse immunoglobulin (Amersham Biosciences,
ilan, Italy) and PE-streptavidin (Molecular Probes, Eugene,
R). Samples were analyzed by FACSCalibur and CellQuest

oftware (both from Becton Dickinson).

Immunocytochemistry and Immunoelectron
Microscopy

Immunocytochemistry and immunoelectron microscopy
IEM) were performed as previously described.20 Immunocyto-
hemistry staining was performed with alkaline phosphatase/
nti–alkaline phosphatase or peroxidase/anti-peroxidase (Dako,
arpinteria, CA) methods. For IEM, ultrathin cryosections were

ncubated with specific mAbs and revealed with protein A gold
onjugates of different sizes (5 or 10 nm, as appropriate).20 IEM
n purified MVs was performed by the immunonegative stain
echnique.21 Tumor specimens were fixed, embedded, frozen,
ectioned, and stained as described for cell pellets. Samples were
xamined with a Philips 208 transmission microscope (FEI Com-
any, Hillsboro, OR).

Western Blotting

Cells and MV fractions were lysed and quantified by
owry assay, and equal amounts of protein were subjected to
el electrophoresis and blotted onto a polyvinylidene difluo-
ide membrane (Amersham). Membranes were incubated with
Abs that recognized FasL, TRAIL (HS501; Alexis, Lausanne,

witzerland), CD63, and CEA. The binding of the antibodies
as detected by enhanced chemiluminescence (SuperSignal;
ierce, Rockford, IL). Staining with anti–class I HLA mAb

HC-10; provided by Dr S. Ferrone, Roswell Park Cancer
nstitute, Buffalo, NY) recognizing this membrane specific
arker known to be enriched in MV fractions22 was also

erformed to evaluate equal protein loading of cellular and MV
roteins. All MV preparations were checked with appropriate
Abs for contaminating proteins derived from other cellular

ompartments such as the mitochondria (mAb1273 mAb;
hemicon International, Temecula, CA), endoplasmic reticu-

um, and Golgi apparatus (aanti-Bip/GRP78 and -GM130
Abs, respectively; both BD Pharmingen).

Analysis of Apoptotic Activity

Activated T cells (human Jurkat cells) were cultured

ith MVs purified from supernatant or plasma for 12 and 48
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ours, respectively; stained with annexin V/propidium iodide
Bender MedSystems, Vienna, Austria) or fluorescein isothio-
yanate-VAD-fmk (CaspGLOW Fluorescein Active Caspase
taining Kit; MBL, Naka-Ku Nagoya, Japan); and analyzed by
ACSCalibur and CellQuest software. For blocking experi-
ents, cells or MVs were preincubated with anti-Fas (ZB4;
pstate Biotechnology, Lake Placid, NY), z-VAD-fmk, and
RAIL (RIK-2) mAbs. The proapoptotic activity of MVs was
lso tested on resting or activated (1 week of stimulation with
EA571–579 peptide and 300 IU/mL interleukin 2)23 peripheral
lood mononuclear cells purified from CRC patients. Apopto-
is was analyzed on CD8� (allophycocyanin-conjugated mAb;
D Pharmingen) T cells. Susceptibility to TRAIL and FasL
as tested by using recombinant FasL (SuperFasLigand;
lexis), TRAIL (R&D Systems, Minneapolis, MN), and acti-
ating anti-Fas mAb (CH11; Upstate Biotechnology).

Modified Carcinoembryonic Antigen
Radioimmunoassay

Radioimmunoassay (RIA) used for CEA measurement
n CRC patients (CEA IRMA CT; Radim, Pomezia, Italy) was
odified to allow the simultaneous detection of CEA and
D63 on CRC-derived MVs in supernatants and plasma sam-
les. Latex beads were coated with CD63 mAb and incubated
ith purified MVs, and the formed complexes were incubated
ith iodine 125–labeled CEA antibody (Radim). Radioactive
ptake was counted by a �-counter (GMI, Albertville, MN).

Results

Expression of FasL and TRAIL in Human
Colorectal Cancer Cells and Their Released
Microvesicles

Expression of both FasL (Figure 1A) and TRAIL
Figure 1B and C), as detected by immunocytochemistry
n CRC cell lines, displayed a granular distribution that
as apparently confined to the intracellular compart-
ents. TRAIL staining seemed to vectorially accumulate

ither at the cell-to-cell contact sites or at the center of
seudocrypts formed in culture (Figure 1C). IEM showed
asL and TRAIL localization in defined intracellular
Vs (approximately 50–100 nm), primarily located in

roximity to (Figure 1D and E) or fused to the cell
embrane, but also detectable in the extracellular envi-

onment (Figure 1F), thus suggesting a secretory behav-
or. IEM of MV fractions purified from CRC cell super-
atant showed the presence of 50–100-nm organelles
hat expressed both FasL (Figure 1G) and TRAIL (Figure
H), apparently at the membrane level. The expression of
oth molecules was confirmed by flow cytometry (Figure
I, FasL; Figure 1J, TRAIL). FasL and TRAIL were also
etected by Western blotting as bands of approximately

2 kilodaltons (FasL; Figure 1K) and approximately 32 b
ilodaltons (TRAIL; Figure 1L), corresponding to the
embrane-bound form of the full-length proteins.

Phenotypic Characterization of Colorectal
Cancer–Released Microvesicles

When analyzed by IEM, isolated MVs expressed
D63 (Figure 2A), a protein of the tetraspanin family

hat is found on MVs originating from the lysosomal
ompartment,2,3 but stained negative for markers of
ther intracellular compartments (Golgi apparatus; Fig-
re 2B). Flow cytometry and Western blot showed the
xpression of CD63 (Figure 2C and D) and class I HLA
olecules (Figure 1K and L, lower panels; Figure 2C).
Vs released by SW403 and CRC28462 cells stained

ositive for CEA, whereas MVs derived from 1869 col
ells expressing heterogenous CEA levels17 displayed
arely detectable levels of CEA protein (Figure 2C and
).

FasL- and TRAIL-Mediated Proapoptotic
Activity of Colorectal Cancer–Released
Microvesicles

MVs from CRC cell lines induced dose-dependent
poptosis (annexin V/propidium iodide) in activated hu-
an T cells (Figure 3A). Apoptosis was mediated by

asL and TRAIL, because it was efficiently blocked by
nti-Fas or TRAIL mAb (Figure 3B), and involved
aspase activation, as shown by the almost complete
brogation of MV-induced apoptotic death in T cells by
an-caspase inhibitor (Figure 3C). Resting lymphocytes
rom CRC patients were resistant to MV-, recombinant
asL–, or TRAIL-induced death (Figure 3D). However,
fter in vitro activation with the CRC antigen CEA
provided as HLA-A2–binding peptide),23 major FasL-
nd TRAIL-mediated apoptosis was observed in CD8� T
ells (Figure 3E) that was blockable by the addition of
nti-Fas and TRAIL mAbs. Conversely, CRC cells did
ot undergo apoptosis in the presence of their corre-
ponding MVs or recombinant FasL and TRAIL (Figure
F). This resistance was not due to the absence of ap-
ropriate death receptors, because CRC cells expressed
as and TRAIL-R2 (Figure 3G), but instead it might be
scribed to downstream events.

Detection of Proapoptotic Microvesicles in
Plasma of Colorectal Cancer Patients and
Colorectal Cancer Specimens

MVs derived from CRC patients, but not from
ealthy donors, expressed CEA and CD63, as shown by
estern blot (Figure 4A and B). By using a modified

IA, we could simultaneously detect the expression of

oth CD63 and CEA molecules and, therefore, specifi-
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igure 1. Expression of FasL and TRAIL in CRC cells and released MV
epresentative of the cell lines used, showing the granular distributio
D–F) IEM of FasL (large dots, 10 nm; arrow) and TRAIL (small dots
rrowheads, endoplasmic reticulum; arrow, released MV). (G and H)
bars � 0.1 �m). (I and J) FasL (I) and TRAIL (J) expression in CR
sotype-matched immunoglobulin G). (K) Western blot of FasL expres
ull-length FasL in 1869 col (lane 2) and SW403 (lane 3) cell lysates
ilodaltons. Lower panel: Class I HLA expression (44 kilodaltons;
ysates.22 (L) Western blot of TRAIL expression: recTRAIL (lane 1) mi
lane 3) and SW403 cells (lane 5) and MV (1869 col, lane 2; SW403
he glycosylated proteins (higher bands) and breakdown pattern prod
s. (A–C) Immunocytochemistry of FasL (A) and TRAIL (B and C) in CRC cells
n pattern of both proapoptotic molecules (original magnification, 2500�).
, 5 nm; arrowhead) in human CRC cells shows double-positive MVs (F;

IEM of FasL (G) and TRAIL (H) in MVs purified from CRC cell supernatants
C cell line–derived MVs detected by flow cytometry (white histograms:

sion: recombinant (rec)FasL (lane 1) migrates at 35 kilodaltons, whereas
and MV (1869 col, lane 4; SW403, lane 5) migrates at approximately 42
loading control), which seemed enriched in MVs as compared with cell
grates at 24 kilodaltons, whereas full-length TRAIL in lysates of 1869 col
, lane 4) migrates at 32–35 kilodaltons. Additional bands correspond to

ucts (lower bands). Lower panel: Class I HLA expression (44 kilodaltons;

oading control). kDa, kilodaltons.
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ally identify MVs derived from CRC (SW403), because
Vs of melanoma (501mel) cells showed no labeling

Figure 4C). This approach allowed us to show that MVs
urified from the plasma of CRC patients were actually
ecreted by CRC cells in vivo (Figure 4D). Western
lotting of MVs from the plasma of CRC patients, but
ot from healthy donors, showed the expression of FasL
nd TRAIL (approximately 42 and 32 kilodaltons, re-
pectively), corresponding to the full-length proteins
Figure 4E and F). MVs derived from plasma of CRC
atients exerted FasL- and TRAIL-mediated apoptosis on
ctivated T cells, as compared with healthy donor–
erived MVs (Figure 4G). The release of FasL- and
RAIL-bearing MVs by CRC cells could also be ob-

erved in vivo. Indeed, IEM performed on CRC lesions
liver metastasis) immediately processed after surgical
xcision showed the presence of vesicular organelles spe-
ifically expressing FasL and TRAIL at an intercellular
nd intracellular level (Figure 4H). The staining was

igure 2. Expression of CD63, class I HLA, and CEA in CRC-released
olgi marker (B) (bars � 0.1 �m). (C) Flow cytometry of CD63,

mmunoglobulin G). (D) Western blot of CD63 expression in MVs from
ells (positive control; lane 3), and CRC28462 (lane 4). (E) Western b
RC28462 (lane 3). kDa, kilodaltons.
onfined to the vesicles, without any evidence of nonspe- i
ific staining on collagen fibrils. These results confirm
hat membrane-bound FasL and TRAIL are associated
ith MVs and released into the tumor microenvironment
f CRC patients.

Discussion

Here we report that human CRC cells induce
poptosis of T lymphocytes through the release of FasL-
nd TRAIL-bearing MVs. These lysosome-derived or-
anelles, characterized by a 50–100-nm diameter and a
igh content of cytosolic and membrane proteins derived
rom the producing cell, are released by CRC in vitro and
re found in plasma and tumor specimens from patients
ith advanced CRC. These data shed new light on the

ole of FasL in immune evasion of CRC. The acquired
xpression of this molecule, which is considered to play
key role in CRC progression, occurs at early stages of

olon carcinogenesis,24 correlates with disease spread-

(A and B) IEM of MVs staining positive for CD63 (A) and negative for
I HLA, and CEA expression (white histograms: isotype-matched

9 col (lane 1), SW403 (lane 2), phytohemagglutinin-activated Jurkat
CEA expression in MVs from 1869 col (lane 1), SW403 (lane 2), and
MVs.
class
186

lot of
ng,25 and is associated with the presence of apoptotic
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June 2005 MICROVESICLES IN COLORECTAL CANCER IMMUNE ESCAPE 1801
ymphocytes at the tumor site.26 The secretory pathway
f proapoptotic MVs, which is shared by other tumor
istotypes such as melanoma,20 represents an efficient
trategy for CRC cells to deliver death signals to antitu-
or T lymphocytes without the need for direct cell-to-

ell contact.
Additionally, we show the involvement of TRAIL in

igure 3. Proapoptotic activity of CRC cell line–derived MVs. (A) Dose
Jurkat) in comparison with recFasL and TRAIL. (B) Specificity of Fa
roteins, showing that anti-Fas or -TRAIL mAbs decreased apoptosis (a
reated with CRC-derived MVs, recFasL, and TRAIL or the agonist anti-F
reated cells preincubated with the pan-caspase inhibitor z-VAD-fmk.
ells (PBMCs) from CRC patients after incubation with CRC-derived MV
ells in anti-CEA CD8� T lymphocytes (raised in vitro from the same PB
RAIL. Blocking with anti-Fas and -TRAIL mAbs decreased apoptosis.
G) Flow cytometry analysis of death receptor expression of CRC cell l
f Fas, TRAIL-R2, or TRAIL-R1 and the absence of the decoy receptor
he proapoptotic activity of CRC-released MVs. TRAIL t
xpression has been shown in CRC,13 but its potential
ole in these cells is still poorly understood. Although
umor cells are commonly believed to be sensitive to
RAIL-induced apoptosis,14 we found these cells to be
ompletely refractory to autocrine MV-induced cell
eath. Indeed, mechanisms that mediate TRAIL resis-
ance through mutational inactivation of the proapop-

ndency of the apoptotic activity of MVs (SW403) on activated T cells
nd TRAIL-mediated apoptosis by MVs (1869 col) and recombinant
in V/propidium iodide staining). (C) Caspase activation in Jurkat cells
Ab CH11. Thin line, untreated cells; gray area, treated cells; bold line,
ercentage of apoptotic cells in resting peripheral blood mononuclear
403 and 1869 col) or recFasL and TRAIL. (E) Percentage of apoptotic
as in panel D) after incubation with CRC-derived MVs or recFasL and

usceptibility of CRC cells to CRC-derived MVs or recFasL and TRAIL.
(SW403, upper panel; 1869 col, lower panel), showing the presence
AIL-R3 and -R4.
depe
sL- a
nnex
as m
(D) P
s (SW
MCs
(F) S
ines
otic Bcl-2 homologue Bax have been recently described
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igure 4. Detection of proapoptotic MVs in the plasma of CRC patients and tumor specimens. (A) Western blot of CEA expression in the lysates
f MVs purified from the plasma of CRC patients (lanes 2–6) or 1 healthy donor (lane 1). (B) Western blot of CD63 expression in patient-derived
Vs (lanes 2–4) or 1 healthy donor (lane 1). (C) CEA/CD63 modified RIA of purified MVs. CD63-coated latex bead/MV complexes (SW403 or
01mel) were analyzed for CEA expression with iodine 125–labeled CEA mAb. Only CRC-derived MVs (SW403) showed radioactive uptake. (D)
EA/CD63 modified RIA on MVs derived from CRC or melanoma patients. Only CRC patient–derived MVs showed radioactive uptake. (E and F)
estern blots of FasL and TRAIL expression in patient-derived or healthy donor–derived MVs. (E) RecFasL (lane 1) migrates at 35 kilodaltons,
hereas full-length FasL migrates at approximately 42 kilodaltons in the MVs of CRC patients (lanes 3–5), but not in MVs derived from 1 healthy
onor (lane 2). (F) RecTRAIL (lane 1) migrates at 24 kilodaltons, whereas full-length TRAIL in the MVs of CRC patients migrates at approximately
2 kilodaltons (lanes 3–5). No full-length TRAIL was observed in MVs derived from 1 healthy donor (lane 2). (G) Patient-derived MVs induce T-cell
poptosis. Annexin V/propidium iodide staining of activated T cells (Jurkat) treated with recFasL, TRAIL, and patient-derived MVs (patients 1–3)
r 1 healthy donor is shown. FasL and TRAIL mediation was shown by blocking with anti-Fas and -TRAIL mAbs. Spontaneous apoptosis of Jurkat
ells (10% � 2%) was subtracted from obtained values. (H) IEM staining for FasL (left) and TRAIL (right) on a CRC lesion (liver metastasis) frozen
mmediately after surgical resection. Note that FasL and TRAIL are selectively confined to vesicles detected intercellularly and within CRC cells

arrows) (bars � 0.5 �m). cpm, counts per minute; PBS, phosphate-buffered saline; kDa, kilodaltons.
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June 2005 MICROVESICLES IN COLORECTAL CANCER IMMUNE ESCAPE 1803
n CRC,27 whereas natural resistance to TRAIL has also
een reported in normal colonic epithelium, despite the
ocal expression of TRAIL and its receptors.28

The release of subcellular organelles (including exo-
omes) in physiological and pathologic conditions is
resently an object of interest. These structures, pro-
uced through an active process, have been characterized
y proteomic analysis and are defined by a hallmark
rofile that includes the presence of tetraspanin family
roteins, HLA molecules, heat shock proteins, ezrin, and
ther proteins involved in cytoskeleton function.2 In
ddition, MVs express cytosolic and membrane proteins
eriving from the original cell repertoire, including tu-
or antigens.19,20 CRC-released MVs described here

hared most of these phenotypic features and expressed
he typical CRC marker CEA, whose secretory pattern as

membrane-bound protein associated with MVs has
een previously described in colonic epithelial cells.29

Although MV secretion could be physiological in
ormal intestinal epithelium,1 this phenomenon seems
o be greatly exacerbated in CRC cells, as suggested by
he constitutive MV release reproducibly observed in
RC cells, which occurs through a pathway involving
ytoskeleton activity (L.R., unpublished data). The ex-
ression of functional molecules, together with their
mall size, could then allow MVs produced at the tumor
ite to circulate and reach different organs. Indeed, we
ound that MVs with the same phenotypic and proapop-
otic features as those released in vitro by CRC cells are
etectable in plasma from metastatic CRC patients and
an be found in CRC tumor lesions. This suggests that
he secretion of proapoptotic MVs may occur in vivo as
ell. CRC cells may thereby locally and systemically

nfluence the host environment through a broad array of
odulating signals delivered by secreted MV. Indeed,

revious studies of subcellular organelles released by
ntestinal epithelial cells in murine models have shown
heir migration to different immune sites and their pos-
ible involvement in transferring immunologic informa-
ion from the intestine to the immune system.30 Simi-
arly, vesicles of possible tumor origin were found in
alignant effusions of patients with different tumor

istotypes.19

Because MV release is likely used by CRC cells to turn
ff the cellular arm of antitumor immune responses,
harmacological strategies aimed at selectively abrogat-
ng this process in vivo could become novel therapeutic
ools for this disease. Furthermore, tumor-released MVs
n plasma could represent a new marker of aggressiveness

nd prognosis in CRC patients.
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